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(54) Specific determination of NCA 90 glycoform in the blood of cancer patients 

(57) It has been found that although both glyco- 
forms of the cancer marker NCA 50/90 are expressed in 
normal tissue, only the 90 kDa glycoform is secreted 
into the bloodstream. An improved method is therefore 
provided for aiding in the diagnosis of. and monitoring 
the progression or course of cancer, particularly breast, 
colon, and lung cancer, and leukemia, in a patient by 
measuring the amount of NCA 90 specifically in a blood 
sample, e.g., serum sample, obtained from the patient. 



< 

o 
o 

Q. 
LU 



Primed by Rank Xerox (UK) Business Services 
2.13.9/3.4 



1 



EP0747705A1 



2 



Description 

BACKGROUND OF THE INVENTION 

The present invention relates to the diagnosis of 5 
cancer and to monitoring of the course of disease and 
therapy in cancer patients. More particularly, the inven- 
tion relates to the specific determination of the 90 kDa 
glycoform of the cancer marker NCA 50/90 in blood. 

The nonspecific crossreacting antigens (NCAs) are 10 
a group of sequence and structurally related proteins 
belonging to the carcinoembryonic antigen (CEA) gene 
family; a subfamily of the immunoglobulin supergene 
family (reviewed in 1-4). Encoded on the long arm of 
chromosome 19. the CEA gene family consists of is 
approximately 29 genes (2-4), and is divided into two 
major subgroups: the CEA and the pregnancy specific p 
glycoprotein (PSpG) subgroups. The CEA subgroup 
contains 12 genes and pseudogenes (4, 5), and 
includes CEA (CD 66e), biliary glycoprotein (BGR CD 20 
66a), NCA 50/90 (CD 66c), NCA 95 (CGM6, CD 66b). 
CGM1 (CD 66d) (6). and CGM7 (7). To date, only the 
protein products of the CEA, BGP. NCA 50/90, and NCA 
95 genes have been identified and biochemically char- 
acterized. The PSpG subgroup contains approximately 25 
11 uniquely transcribed genes (4, 8, 9). A group of six 
additional genes belonging to a third subgroup have 
recently been described, but the degree of expression 
and tissue distribution of these gene products is 
unknown (5, 1 0). Reportedly, members of the CEA gene so 
family function in granulocyte-endothelial cell adhesion, 
adhesion to bacterial fimbriae, and may play an acces- 
sory role in binding to Type I collagen (reviewed in 2, 4). 

The product of the NCA 50/90 gene is a polypeptide 
of approximately 34 kDa, which is attached to the cell as 
membrane via a glycosyl phosphatidylinositol linkage. 
Like other members of the CEA gene family, the peptide 
backbone of the NCA molecule is comprised of a series 
of disulfide-linked, immunoglobulin (Ig)-Hke domains. 
NCA 50/90 contains three such Ig-like domains: an N- * 
terminal domain of 108-1 10 amino acids, a C region-like 
domain of 92-96 amino acids (referred to as an A 
domain), and a second C region-like domain of 86 
amino acids (B domain). Post-translational glycosyla- 
tion of the 34 kDa polypeptide results in a modified 4 
polypeptide with apparent molecular weights of 50 kDa 
(NCA 50; 50 kDa glycoform) and 90kDa (NCA 90; 90 
kDa glycoform) (1-4). 

Historically, the examination of NCA tissue expres- 
sion has proceeded along two parallel lines of investiga- t 
tion: immunohistochemical, through the use of 
polyclonal and monoclonal antibodies; and molecular, 
through examination of the expression of NCA mRNA 
Several laboratories have examined the expression 
NCA mRNA in normal and malignant tissue by Northern < 
blot hybridizations. Employing this technique, NCA 
mRNA has been demonstrated in normal lung tissue 
(11, 12); in malignant lung (11), colon (13-15), breast 
(15); and in the proliferating cells associated with 



chronic myelogenous leukemia (15). Alternatively, 
immunohistochemical analysis has been used to dem- 
onstrate the expression of NCA in normal colon (13-16); 
in malignant breast (17), lung (19), colon (16); and in a 
pancreatic cell line (19). 

The molecular cloning of the CEA gene family 
members into expression vectors has provided valuable 
tools for use in the analysis of anti-CEA and anti-NCA 
monoclonal antibody specificity and NCA 50/90 tissue 
distribution. Barnett et a), cloned and expressed the 
cDNAs encoding the NCA 50/90 and CEA genes (20, 
21). These reagents were used to characterize the spe- 
cificity of MAb 228. an antibody specific for both the 50 
kDa and 90 kDa glycoforms of NCA 50/90, which does 
not cross-react with other CEA gene family members 
(22). 

Recent studies have suggested that serum and 
plasma measurements of NCA 50/90 may have clinical 
utility in the management of patients with chronic myel- 
ogenous or lymphocytic leukemia (23); and cancer of 
the breast colon, or lung (22). See also European Pat- 
ent Publication Nos. 549,974; 621.480 and 628,820. 
These studies employed an ELISA which utilized a MAb 
(MAb 228) specific for both the 50 kDa and 90 kDa gly- 
coforms of NCA 50/90. As currently formatted, this 
ELISA measures "total" NCA 50/90 in patient samples 
due to the specificity of MAb 228 for both NCA 50/90 
glycoforms. As such, this assay does not determine 
which glycoform of NCA 50/90, if any, predominates in 
the circulation during malignancy. 

Other laboratories have examined the normal and 
malignant tissue expression of NCA 50/90. Robbins et. 
a). (24) used mouse cell lines transfected with human 
CEA gene family members to determine the specificity 
\ of a panel of monoclonal antibodies. Using an NCA- 
specific MAb designated B6.2, Robbins demonstrated 
immunohistochemically that nearly all breast and lung 
tumors tested expressed NCA. Baranov et. al. (25) 
demonstrated the precise localization of NCA 50 in nor- 
0 mal colonic mucosa and colonic adenocarcinoma. 
Using an indirect immunoperoxidase electron micros- 
copy technique and a monoclonal antibody specific for 
the 50 kDa glycoform of NCA 50y90, Baranov et al. 
detected the presence of NCA 50 on the apical surface 
5 and in microvesicles associated with the apical surface 
of normal human colon. Additionally, NCA 50 was 
detected in the spaces between adjacent microvilli, as 
internal components of goblet cells, and was found 
associated with the luminal surface of mature columnar 
>o epithelial cells. While these studies demonstrated 
detectable amounts of NCA 50/90 in normal lung and 
colon tissue, no results were offered regarding the rela- 
tive distribution of the NCA 50/90 glycoforms in normal 
and malignant specimens. 

55 

SUMMARY OF THE INVENTION 

It has now been unexpectedly found that while both 
glycoforms are expressed in normal tissues, the 90 kDa 
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glycoform of NCA 50/90 is predominately secreted into 
the bloodstream. The present invention therefore pro- 
vides a method for measuring the human protein 
expressed by the NCA 50/90 gene which is secreted 
into the bloodstream of a patient, comprising measuring 5 
NCA 90 specifically in a blood sample obtained from the 
patient. Furthermore, since NCA 90 Wood levels have 
been found to correlate with the blood levels of NCA 
50/90 in both normal and cancer patients, the detection 
of NCA 90 specifically in blood will provide improved w 
utility in the diagnosis and monitoring of cancers for 
which measurement of NCA 50/90 has been found to be 
of clinical value. The present invention thus provides the 
basis for a second generation diagnostic assay of 
greater clinical utility based on the specific detection of 75 
the predominant NCA glycoform in blood, e.g., serum or 
plasma. 

More particularly, the present invention provides a 
method for aiding in the diagnosis of various cancers 
such as breast, colon, and lung cancer, and leukemia, in 20 
a patient who presents with symptoms of cancer (i.e., a 
symptomatic patient), comprising the steps of determin- 
ing the amount of NCA 90 specifically in a blood sample 
obtained from the patient and comparing such meas- 
ured amount to the mean amount of blood NCA 90 in 25 
the normal population, whereby the presence of a sig- 
nificantly increased higher amount of NCA 90 in the 
patient's blood is an indication of cancer in the patient. 
With this and other information suggestive of cancer, 
the physician is assisted in making a diagnosis. 30 

The present invention also provides a method for 
monitoring the course or progression of various can- 
cers, such as breast, colon, and lung cancer, and leuke- 
mia, in a patient who has been diagnosed with cancer. 
A series of specific immunoassays are performed over 3s 
time to determine changes in the level of NCA 90 spe- 
cifically in blood samples obtained from such patient 
whereby changes in the NCA blood level correlate with 
changes in disease status. More particularly, increases 
in blood NCA 90 levels will generally indicate a deterio- 40 
rating condition while decreases in blood NCA 90 levels 
indicate an improving condition. Where the diagnosed 
patient has been treated for cancer, e.g., radiation, 
chemotherapy, surgery, or the like, to eliminate clinically 
detectable disease, increases in blood NCA 90 levels 45 
indicate possible recurrence of disease. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Detection of NCA 50/90 Gene Products so 
in Normal Tissues by ELISA and Immunoprecipita- 
tion. The presence of NCA 50/90 gene products in nor- 
mal human lung, spleen, liver, colon, placenta, heart, 
breast, muscle, and brain tissue was examined using an 
ELISA assay (CA 228 ELISA) to measure total NCA ss 
50/90 protein, and an immunoprecipitation-Western 
blotting technique to detect specific NCA 50/90 glyco- 
forms. These procedures are described in detail in 
Examples: Materials and Methods. Both of these proce- 
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dures utilized MAb 228, a monoclonal antibody specific 
for both the 50 kDa and 90 kDa glycoforms of the NCA 
50/90 gene and non-crossreactive with other CEA gene 
family members. The amount of NCA 50/90 protein 
detected in the various tissues by ELISA is reported as 
ng NCA 50/90 per mg of tissue protein. The detection of 
specific NCA 50/90 glycoforms by immunoprecipitation 
and Western blotting is indicated using a qualitative 
scale as follows: no detection of NCA glycoform; "+ 
/-", trace amount of NCA glycoform detected; and V , 
significant amount of NCA glycoform detected. 

Figure 2. Detection of NCA 50/90 Gene Products 
in the Sera of Normal, Nonmalignant Disease, and 
Cancer Patients by ELISA and Immunoprecipitation. 
The presence of NCA 50/90 gene products in the sera 
of normal, nonmalignant disease, and cancer patients 
was determined by CA 228 ELISA and immunoprecipi- 
tation-Western blotting as described in Materials and 
Methods. The number of patients of each disease type 
is indicated. For each disease type, CA 228 ELISA 
results are reported as a range of lowest patient value to 
highest patient value. The number of patient serum 
samples which were positive for a specific NCA 50/90 
glycoform by immunoprecipitation-Western blotting is 
also indicated. 

Figure X Standard Curve Used in the Quantita- 
tion of NCA 90 Immunoprecipitated from Patient 
Samples. Figure 3 presents a typical standard curve 
used in the quantitation NCA 90 serum immunoprecipi- 
tates. The amount of NCA 90 in three serial dilutions of 
lung tissue homogenate was determined by electro- 
phoresis, immunoelectroblotting, and densitometric 
scanning as described below. Results are plotted as the 
mean ± 1 SD of four independent determinations. The 
range of the standard curve is from 0.01 7 ng to 1 .44 ng. 

Figure 4. Comparison of Serum CA 228 (Total 
NCA 50/90) and NCA 30 Values In Normal Subjects 
and Cancer Patients. CA 228 and NCA 90 levels in the 
sera of a panel of 10 normal subjects and 9 cancer 
patients were determined by ELISA and immunoelec- 
troblotting as described below. All cancer patients were 
diagnosed by attending physicians as possessing clini- 
cally active disease. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In making the present invention, a study was per- 
formed to determine which glycoforms of NCA 50/90 
are present in normal tissue, normal sera, cancer 
patient sera, and non-malignant disease patient sera. 
As reported in more detail in the Examples which follow, 
we have demonstrated that although both NCA 50/90 
glycoforms are expressed in normal tissues, only the 90 
kDa glycoform is detected in the circulation. The CA 228 
ELISA, performed on acetone-extracted, normal, 
human tissue preparations, identified large amounts of 
NCA 50/90 (per mg tissue) in lung, and lesser amounts 
in spleen, liver, colon, placenta, heart, and breast tis- 
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sue. The expression of specific NCA 50/90 glycoforms 
in these tissue preparations was determined by immu- 
noprecipitation with an anti-NCA 50/90-specrfic MAb 
(MAb 228) conjugated to Affigei 10 and detection, fol- 
lowing electroblotting, with a polyclonal rabbit anti-CEA 
antisera. Normal lung, spleen, liver, colon, and placental 
extracts expressed both NCA 50/90 glycoforms. MAb 
228-Affigel immunoprecipitation of the serum of 48 
patients with leukemia or cancer of the breast, lung, or 
colon detected the presence of only the 90 kDa glyco- 
form in all samples. Additionally, only NCA 90 was 
detected in the serum of seven infectious or non-malig- 
nant disease patients, and ten normal subjects by 
immunoprecipitation. In all patient samples immunopre- 
cipitated, the amount of the 90 kDa glycoform identified 
by immunoprecipitation, positively correlated with the 
serum level of total NCA 50/90 determined by ELISA. 

The finding that only the 90 kDa glycoform of NCA 
50/90 is found in the circulation provides the basis for 
NCA cancer marker assays of greater sensitivity and 
specificity in the detection and monitoring of malignancy 
by the specific measurement of the NCA 90 glycoform 
in blood. 

Essentially any method may be employed in the 
measurement of blood (e.g., serum or plasma) NCA 90 
levels. Typically, such measurement will be performed 
by sandwich immunoassay using two antibody rea- 
gents, one of which recognizes NCA 90 to the exclusion 
of NCA 50 and other related members of the CEA family 
(e.g., NCA 95, CEA, BGP, PSG, and NCA 2), while the 
other is capable of binding specifically or nonspecif ically 
with NCA 90. Assay format and methods for the prepa- 
ration of the required antibody reagents can be selected 
by the skilled worker in the field. Suitable antibody rea- 
gents can be labeled, e.g., enzyme-labeled, or immobi- 
lized, e.g., coated onto a microtiter plate, bound to 
plastic or magnetic beads or particles, and can be com- 
prised of whole immunoglobulins, e.g., IgG or IgM, or 
fragments, e.g., Fab, Fab*, and Ffab'k fragments, or 
aggregates thereof. 

Preferably, the NCA 90 specific antibody reagent is 
prepared by immunization of a host animal with a suita- 
ble immunogen such as an NCA90-containing immuno- 
gen mixture, e.g., a purified extract of spleen or tumor 
cells; NCA 90-expressing transfectant cell lines (see 
European Patent Publication 346,702); an immunogen 
conjugate comprising a synthetically prepared peptide 
coupled to a conventional immunogenic carrier mole- 
cule, where the peptide has an amino acid sequence 
encompassing a unique epitope of NCA 90; and the like 
as will be understood in the art. Antibody reagents com- 
prising monoclonal antibodies will be generally pre- 
ferred. 

It will be understood that, similar to other types of 
accepted disease diagnostic and monitoring methods, 
the present method will not be useful on every patient 
diagnosed with cancer. Rather, the physician will use 
NCA 90 Wood values in combination with other diagnos- 
tic values and clinical observations to diagnose the 



onset of cancer, and further to develop a course of treat- 
ment and therapy for each individual patient. It is also 
contemplated that monitoring blood levels of NCA 90 
will provide a means for monitoring the progress of a 
course of therapy for an individual patient. 

The present invention will now be illustrated, but is 
not intended to be limited by, the following examples. 

EXAMPLES 

MATERIALS AND METHODS 

AntihnHies and P»r/fferf Proteins. Monoclonal 
antibody 228.2 (IgG, . k) (ATCC HB1 1 204) is ^ecif ic for 
is NCA 50/90. It does not crossreact with CEA, BGP, nua 
95 or PSpG. The production, purification, and specifi- 
city of this antibody has been described previously (22). 
Chromatographically purified mouse IgG used for con- 
jugation to Affigei was purchased from Zymed Labora- 
20 tories Inc. (San Francisco, California, USA) (catalog # 
02-6502). Rabbit IgG (catalog # 1-5006) used as a con- 
trol first antibody for Western blots, goat anti-rabbit IgG 
conjugated to alkaline phosphatase (catalog # A-7539) 
used to detect immune complexes on Western Wots, 
25 and a goat anti-mouse IgG-alkaline phosphatase conju- 
gate (catalog # A-1418) used to detect immune com- 
plexes on commercially prepared Western blots were 
purchased from Sigma Chemical Co., St. Louis, Mis- 
souri USA. Purified rabbit anti-human CEA used as the 
3 o first antibody in Western blots was purchased from 
Dako (Carpinteria, California, USA) (Code # A-1 15). 

Patient Samples. Normal serum samples used in 
this study were obtained from healthy volunteers at the 
Diagnostics Business Group of Bayer Corporation, Tar- 
35 rytown, New York, USA, and from the Hudson Valley 
Blood Services of Valhalla, New York, USA. Dr. Herbert 
Fritsche of the M.D. Anderson Cancer Center in Hou- 
ston Texas, USA. and Dianon Systems of Stamford. 
Connecticut. USA, supplied the serum samples from 
40 patients with breast, lung, or colon cancer. Serum from 
patients with leukemia were obtained from Oncol- 
ogy/Hematology Consultants (Memphis, Tennessee, 

USA All cancer patient samples used in this study were 
45 obtained from patients with active disease as deter- 
mined by the attending physician based on physical 
examination and medical records. 

D«> rs >r*tk>n of T?«»i» Extracts. Acetone 
extracted lyophilized human tissues were obtained from 
so Calzyme Chemical Co. (San Luis Obispo, California. 
USA). Human heart tissue was purchased from Ameri- 
can Biochemicals Inc. (San Diego, California, USA). 
One hundred milligrams of acetone powder was dis- 
solved in 5 ml of cold homogenization buffer consisting 
55 of 50 mM HEPES (pH 7.4). 0.2 % NP-40. 0.5 mM pefa- 
block (Boehringer Mannheim, Indianapolis, Indiana. 
USA) (catalog # 1429-868). 1 jiM leupeptin (Boebringer 
Mannheim, catalog # 1017-101), 1 uM pepstatin (Boe- 
bringer Mannheim, catalog # 600-160), and 1 mM 
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EDTA. Powder was then polytron homogenized on ice 
until the solution was homogenous (approximately 2-4 
minutes). Following an additional 5 minute incubation, 
the homogenate was centrifuged at 5,000 rpm and 4°C 
for 5 minutes. The supernatant fluid was collected, aliq- 5 
uoted, and stored at -80°C. Total protein in the tissue 
homogenates was determined using the Pierce BCA 
Protein Assay according to the manufacturer's instruc- 
tions (Pierce, Rockfbrd, Illinois, USA). 

NCA 50/90 ELfSA The NCA 50/90 ELISA (referred 10 
to as CA 228) was performed as previously described 
(23). Briefly, 96 well Immulon 4 plates (Dynatech, Chan- 
tilly, Viginia, USA) were coated with 50 uJ per well of 
MAb 228.2 at 5 |ig/ml in 0.1 M NaHC0 3 , pH 9.0 and 
incubated overnight at 4°C. Unreacted sites in the wells is 
were then blocked by the addition of 200 jal per well of 
buffer containing 25 mM Tris (pH 7.5), 150 mM NaCI, 
0.05 % Tween-20. 0.1 % NaN 3 (TBST), and 5 % bovine 
serum albumin (BSA, fraction V, Sigma, Catalog # A- 
7030). Plates were blocked for 1 hour at 37°C. Plates 20 
were washed 6 times with TBST and 50 uJ of patient 
sample of NCA 50/90 calibrator solution diluted 1 :51 in 
25 mM HEPES (pH 7.0). 250 mM NaCI, 100 jig/ml 
mouse IgG, 2.5 % BSA, 50 jig/ml gentamycin, and 0.1 
% NaN 3 (sample diluent) was added to each well. 25 
Plates were then incubated for 2 hours at 37°C. Follow- 
ing washing, 50 of a solution of goat anti-CEA-alka- 
line phosphatase conjugate diluted to 2.5 ng/ml in 50 
mM HEPES (pH 7.0), 150 mM NaCI, 1 mM MgCI 6 H 2 0, 
0.1 mM 2nCI 2 . 1 % BSA, 50 |ig/ml gentamycin, and 0.1 30 
% NaN 3 (conjugate diluent) was added to each well. 
After 1 hour incubation at 37°C and washing in TBST, 
50 pi of a 1 mg/ml solution of p-nitrophenyl phosphate 
(Pierce, Catalog # 34074) in 1X diethandamine sub- 
strate buffer (Pierce, Catalog # 34064) was added to 35 
each well and incubated at 37°C for 30 minutes. The 
reaction was terminated by the addition of 100 |d of 1 N 
NaOH to each well. Absorbance at 405 nm minus the 
absorbance at 490 nm was determined using a Ther- 
momax microplate reader (Molecular Devices Corp., 40 
Sunnyvale, California, USA). The amount of NCA 50790 
in each sample was determined by comparison with a 
calibration standard curve using a nonlinear spline 
curve-fitting program. 

Conjugation of Mouse IgG and MAb 228 to 45 
Affigel 10. Purified mouse IgG (Zymed Laboratories 
Inc.; catalog #02-6502) and MAb 228 were diluted in 0.1 
M HEPES, pH 8.0 to a concentration of 1.5 mg/ml. A 
small aliquot of each solution was removed for protein 
determination. Approximately 2 ml of Affigel 1 0 (BioRad so 
Laboratories, Richmond, California, USA; catalog #153- 
6046) was placed in each of two polypropylene 12 x 75 
capped culture tubes, and was washed three times in 
cold deionized water by centrifugation at 5000 rpm for 3 
minutes at 4°C. After the first centrifugation, Affigel solu- ss 
tion was added or removed from the tube in order to 
obtain approximately 1.0 ml of packed gel in each tube. 
Following the last wash, the supernatant was removed 
from the Affigel pellet. Conjugation was performed by 



the addition of 2 ml of a 1 .5 mg/ml antibody solution (3.0 
mg) to 1.0 ml of packed Affigel. The Affigel was resus- 
pended in the antibody solution by gentle agitation and 
was rocked for 4 hours at 4°C. Following conjugation 
incubation, each tube was centrifuged at 2500 rpm for 5 
minutes at 4°C to pellet the IgG-Affigel conjugate. A 
small aliquot of the supernatant was removed for protein 
determination. The IgG-Affigel conjugates were resus- 
pended and stored at 4°C. The amount of antibody con- 
jugated to the Affigel was determined by BCA Protein 
Assay (Pierce) quantitation of the amount of protein in 
the preconjugation aliquot minus the amount in the 
postconjugation antibody solution. Typically, this conju- 
gation protocol resulted in 1 .25-1 .5 mg Ab per ml of gel. 

Immunoprecipitation. Prior to immunoprecipita- 
tion, tissue homogenates were diluted to 1 .7 mg/ml in a 
sample diluent solution containing 100 mM NaH 2 P0 4 
(pH 7.4), 500 mM NaCI, and 2% Chaps detergent 
(Sigma Chemical Co.) Muscle (1.2 mg/ml) and brain 
(0.8 mg/ml) tissue preparations were used undiluted. 
IgG-Affigel beads were washed three times in PBS by 
centrifugation at 2500 rpm for 3-5 minutes. Pelleted gel 
was resuspended with and equal volume of PBS to a 
final concentration of 50%. Each sample and tissue 
homogenate was immunoprecipitated with both the 
MAb 228-Affigel conjugate and the control mouse IgG- 
Affigel conjugate. Immunoprecipitations were per- 
formed by the addition of 50 |il of. undiluted patient 
serum or diluted tissue homogenate, 50 uJ of sample 
diluent, and 30 uJ of the 50% IgG-Affigel slurry to a 1 .5 
ml Eppendorf centrifuge tube. Following incubation at 
4°C for 4 hours with gentle rocking, precipitates were 
washed three times in 0.5 ml of washing buffer contain- 
ing 100 mM NaH 2 P0 4 (pH 7.4), 0.1% SDS, 300 mM 
NaCI, and 2% Chaps. After the last wash, immunopre- 
cipitates were resuspended in 25 |il of 2X SDS-PAGE 
sample buffer (see below) which did not contain drthio- 
threitol (DTT). Samples were stored at -20°C. 

Electrophoresis and Efectroblottina. Electro- 
phoresis and Western blotting were performed essen- 
tially as previously described (26, 27). Purified proteins 
or immunoprecipitates were dissolved in an equal vol- 
ume of 2X SDS-PAGE sample buffer containing 190 
mM Tris (pH 6.8), 4 % SDS, 2 mM EDTA, 20 % glycerol, 
and 0.004 % bromophenol blue, and boiled fa 5 min- 
utes in a water bath. Electrophoresis was performed on 
a 4-20 % gradient gel (Daiichi-Enprotech, Natick, Mas- 
sachusetts, USA) for 3-4 hours at 25-40 mA per gel. 
Proteins were electroblotted onto 0.2 micron PVDF 
membranes (BioRad) using a semi-dry electroblotting 
apparatus (Integrated Separations Systems-Enprotech, 
Natick, Massachusetts, USA) and ISS protein electrob- 
lotting buffers (Integrated Separation Systems, catalog 
# SS1 10204). Electroblotting was performed for 45 min- 
utes at a constant voltage of 1 mA per cm 2 of mem- 
brane. Blotted membranes were then sequentially 
treated with PBS containing 3 % BSA, rabbit IgG or rab- 
bit anti-human CEA at 1 ug/ml (first antibody), and goat 
anti-rabbit IgG-alkaiine phosphatase at a 1:5000 dilu- 
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tion. Bound immune complexes were visualized by the 
addition of 5-bromo^-chloro-3-indoyl phosphate and 
nitro blue tetrazolium (BCIP-NBT, Sigma, catalog # B- 
5655) according to the manufacturer's instructions. 

Band-staining intensity (peak area) on the mem- 
branes was determined using a Pharmacia LKB UltroS- 
can XL scanning densitometer. 

quantitation of NCA 9fl Th amount of NCA 90 
present in 50 uJ of patient serum was determined by 
comparison of a sample's NCA 90 peak area to a stand- 
ard curve of serial dilution of lung tissue homogenate of 
known NCA 90 concentration. Briefly, serial dilutions of 
non-immunoprecipitated lung tissue homogenate (of 
known NCA 50/90 concentration as determined by CA 
228 ELISA) were electrophoreses and immunoWotted 
on PVDF membranes as described. NCA 90 concentra- 
tion in each lung tissue dilution was determined by mul- 
tiplication of the total NCA 50/90 concentration of the 
tissue dilution by the percentage of total NCA 50/90 
which was NCA 90 (obtained from the densitometry 
scanning of the Wot). A standard curve was then con- 
structed using the log of NCA 90 concentration plotted 
versus the NCA 90 peak area (a representative stand- 
ard curve is presented in Fig. 3). The amount of NCA 90 
in 50 \i\ sanples of patient sera was then quantitated by 
comparison of the NCA 90 peak area with the standard 
curve. The results were multiplied by 20 to determine 
the concentration of NCA 90 per ml of serum, and 
results are reported as ng NCA 90/ml. 

RESULTS 



PY pression of NCA 50/90 in Normal Tissues. Despite 
extensive biochemical characterization, little is known 
regarding the normal tissue expression of NCA 50/90, 
primarily due to a lack of NCA 50/90-specif ic reagents. 
To examine the expression of NCA 50/90 in normal tis- 
sues, we used both an ELISA assay (CA 228 ELISA) 
and an immunoprecipitation protocol. Both methods uti- 
lize a monoclonal antibody, MAb 228, which is specific 
for both the glycosylated NCA 50 and NCA 90 gene 
products, and does not cross-react with other CEA gene 
family members (22). Using the CA 228 EUSA, we 
detected NCA 50/90 in the acetone powder extracts of 
lung, spleen, liver, colon, placenta, heart, and in a 
homogenate of breast tissue. No NCA 50/90 was 
detected in the muscle and brain tissue extracts (Figure 
1). Curiously, NCA 50/90 was not found in muscle tis- 
sue, but was detected in heart tissue extracts. Addition- 
ally, the spleen was found to contain a greater amount 
of NCA 50/90 per mg protein than most of the other 
organs. A possible explanation for both of these findings 
is that the NCA 50/90 detected in heart and spleen tis- 
sue is derived from Wood-borne granulocytes, known to 
express NCA 50/90 (23, 28-30), which was present in 
the organs at the time of tissue processing. The ELISA 
results shown in the taWe in Figure 1 demonstrate that 
lung, spleen, and liver tissue contain the greatest 
amount of total NCA 50/90 per mg of tissue protein. 



To detect the specific glycoforms of NCA 50/90 
expressed in normal tissues, acetone powder extracts 
and a preparation of breast tissue homogenate were 
immunoprecipitated with MAb 228-Affigel or mouse 
5 IgG-Aff igel (control) prior to electrophoresis, and immu- 
noblotting with either a rabbit anti-CEA or rabbrt IgG 
antibody preparation (control). 

The results of NCA 50/90 immunoprecipitation from 
tissue extracts or homogenates are summarized in the 
w taWe in Figure 1. Lung, spleen, liver, colon and pla- 
centa, expressed both glycoforms of NCA 50/90. Heart 
and breast tissue expressed only NCA 90, while muscle 
and brain possessed barely detectable amounts of NCA 
90 The failure to detect NCA 50 in heart, breast, mus- 
ts de. and brain tissue implies either a lack of this glyco- 
form in these tissues, or suggests that the sensitivity 
limit of NCA 50 detection by immunoprecipitation is 
approximately 10 ng of total NCA 50/90 per mg of tissue 

20 of N C* won m Cancer Patients Serum. 

MAb 228 immunoprecipitation studies demonstrated 
the expression of both NCA 50 and 90 glycoforms in 
normal lung, spleen, liver, colon and placental tissue 
extracts, but only NCA 90 was found in heart, breast. 
25 muscle, and brain tissue. To determine the glycoforms 
of NCA 50/90 found in the serum of cancer patients, 
serum from 12 lung cancer, 13 colon cancer, 12 breast 
cancer and 11 leukemia patients were immunoprecipi- 
tated by mouse IgG-Aff igel (as a control) or MAb 228- 
30 Affigel prior to immunodetection with either rabbrt IgG 
(control) or rabbrt anti-CEA antibodies. As presented in 
the taWe in F.gure 2. 100% (48/48) of the cancer patient 
samples tested expressed only the 90 kDa glycoform in 
their serum. The semiquantitative immunoprecipitation 
35 of NCA 90 from patient sera, as determined by intensity 
of immunoblot staining, was positively correlated with 
the total NCA 50/90 levels in the serum as measured by 
ELISA (data not presented). Exclusivity of NCA 90 
expression in serum was observed regardless of the 
40 total NCA 50/90 serum concentration. Samples with 
clinically high (> 35 ng/ml) or low (< 35 ng/ml) concen- 
trations of NCA 50/90 expressed only the 90 kDa glyco- 

form. . _ . 

FTfrfr?Tfrrr ff f pr.A so/90 In tlm Gmufi 9f Wff» 
45 ■rf f*. iton.Malian ?nt Diseases. Immunopreapitafon of 
NCA 50/90 glycoforms from cancer patients serum 
revealed the presence of only the 90 kDa glycoform in 
patient sera. To examine the NCA 50/90 spec.es 
present in the serum of patients with infectious and non- 
50 malignant diseases, serum from patients with hepatitis 
A viral infections, hepatitis B viral infections, cirrhosis, 
colitis, and pulmonary disease were immunoprecipi- 
tated with mouse IgG-Afligel and MAb 228-Affigel. The 
results, summarized in Figure 2. clearly demonstrate 
55 thedetecttonofonlytheNCA90glycofamintheserum 
of patients with these infectious and non-malignant dis- 
eases CA 228 ELISA values for this patient population 
ranged from 27.6 to 49.3 ng/ml. Two patient samples 
(both hepatitis patients) possessed serum NCA 50/90 
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concentrations which were greater than the upper limit 
of normal which is 35 ng/ml. In both of these samples, 
only the 90 kDa glycoform was detected. 
Expression of NCA 50/90 Glvcoforms in the Serum 
of Normal Subjects. Ten serum samples from normal 
subjects were also subjected the MAb 228-mediated 
immunoprecipitation and immunoblotting. In all normal 
serum samples tested, only the NCA 90 glycoform was 
detected (Figure 2). The CA 228 ELISA values for these 
samples range from 13.4 to 49.4 ng.ml. Three patients 
possessed serum NCA 50/90 concentrations which 
were greater than 35 ng/ml; all three possessed only the 
90 kDa glycoform in their serum. These results clearly 
demonstrate, that like the malignant and non-malignant 
disease patients, normal subjects possess only the 90 
kDa glycoform of NCA 50/90 in the circulation despite 
the presence of both the 50 kDa and 90 kDa glycoforms 
in normal lung, colon, and liver tissue. 
Quantitation of NCA 90 In the Sera of Normal Indi- 
viduals 3f?rf fiatfems with GQton, Lung, am? Pmst 
Cancer. A method was developed for the quantitation of 
NCA 90 in normal and cancer patient sera. The method 
involves isolation of NCA 90 from serum by immunopre- 
cipitation using the MAb 228-Aff igel conjugate, electrob- 
lotting the precipitate onto PVDF membranes, detecting 
the transferred precipitate with a polyclonal rabbit anti- 
CEA antibody preparation, and densitometric scanning 
of the observed NCA 90 band. Quantitation of immuno- 
precipitated NCA 90 is performed by comparison of the 
immunoprecipitated sample's NCA 90 peak area 
(obtained from the membrane scan) to a standard curve 
derived from serial dilutions of lung tissue homogenate 
of known NCA 90 concentration. A representative 
standard curve of NCA 90 concentration versus NCA 90 
peak area is presented in Figure 3. 

Using the NCA 90 immunoprecipitation-Western 
blotting technique, the NCA 90 concentration in the sera 
of 10 normal and 9 cancer patients (4 colon cancer, 2 
lung cancer, and 3 breast cancer patients) was deter- 
mined and compared to the CA 228 ELISA values 
determined for these samples. Quantitation of serum 
NCA 90 by immunoprecipitation-Western blotting 
yielded mean values of 0.7 ± 0.4 ng/ml (± 1 SD) and 3.5 
± 2.4 ng/ml for normal and cancer patient populations 
respectively. CA 228 ELISA results for these two patient 
populations resulted in mean NCA 50/90 levels of 29.3 
± 12.3 ng/ml and 329.4 ± 264.9 ng/ml. The results are 
presented in Figure 4. Although immunopreciprtation 
and immunoelectroblotting detects only a fraction of the 
total NCA 90 present in patient serum, the results 
depicted in Figure 4 demonstrate that the specific quan- 
titation of serum NCA 90 appears to be a better discrim- 
inator of the normal versus the malignant population 
than does a measurement of total serum NCA 50/90. 

A key finding of our studies is detection of only the 
90 kDa glycoform of NCA 50/90 in the the circulation. 
MAb-228 Affigel immunoprecipitation of malignant, non- 
malignant, infectious disease, and normal serum, 
resulted in the exclusive detection of NCA 90 in every 



sample tested. Lung, liver, and colon cancer patients 
with elevated total serum levels of NCA 50/90, pos- 
sessed only NCA 90 in the serum. Hepatitis and colitis 
patients, whose disease is associated with a great deal 

5 of tissue damage, also possessed only NCA 90 in the 
circulation. Several interesting biological hypotheses 
exist which might explain the exclusive detection of low 
amounts NCA 90 in normal serum and high amounts of 
NCA 90 in the serum of a patient with cancer. NCA 

10 50/90-producing cells, either host (granulocytes and/or 
normal tissue) or tumor cells, synthesize, express on 
the surface of vesicles, and secrete both glycoforms of 
NCA 50/90, but only the highly glycosylated NCA 50 
form is detected in the circulation due to proteolytic 

is cleavage of the moderately glycosylated NCA 90 form. 
Preliminary evidence from our laboratory suggests that 
this is not the case. Spiking of commercially-purified 
placental NCA 50/90 into normal human serum and 
subsequent MAb 228-Affigel immunoprecipitation 

20 recovered both NCA 50/90 glycoforms (data not pre- 
sented). Alternatively, cells could synthesize both glyco- 
forms, but only the 90 kDa form is expressed on the 
surface of the plasma membrane. This hypothesis 
implies that glycosylation of the NCA 50/90 gene prod- 

25 uct may direct the cellular localization of the polypep- 
tide; possibly by insuring the proper orientation of the 
glycoprotein in the lipid bilayer of the cell or membrane 
vesicle. As a third hypothesis, both glycoforms of NCA 
50/90 could be synthesized and expressed, but only the 

30 90 kDa form is secreted (or released) extracellularly. 
This hypothesis implies that glycoslyation functions as a 
critical accessory to secretion/release possibly through 
facilitation of the action of an extracellular giycosyl 
phosphatide lipase. 

35 The present invention has been particularly 
described and exemplified above. Clearly, many other 
variations and modifications of the invention can be 
made without departing from the spirit and scope 
hereof. 

40 
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Claims 

1. A method for measuring the human protein 
expressed by the NCA 50/90 gene which is 
secreted into the bloodstream of a patient, compris- 
ing measuring NCA 90 in a blood sample obtained 
from the patient, preferably by performing a sand- 
wich immunoassay in which at least one of the anti- 
body reagents is specific for NCA 90 with no 
substantial reactivity for NCA 50, CEA, NCA 95, or 
BGP, and preferably is a monoclonal antibody rea- 
gent. 

2. In a method for aiding in the diagnosis of cancer in 
a symptomatic patient, comprising the steps of 
determining the amount of NCA 50/90 in a blood 
sample obtained from said patient and comparing 
said measured amount of NCA 50/90 to the mean 
Wood level of NCA 50/90 in the normal population, 
whereby the presence of a significantly increased 
level of NCA 50/90 in the patient's blood is an indi- 
cation of cancer in the patient, 

the improvement which comprises measur- 
ing NCA 90 specifically in the patient's blood sam- 
ple preferably by performing a sandwich 
immunoassay in which at least one of the antibody 
reagents is specific for NCA 90 with no substantial 
reactivity for NCA 50, CEA, NCA 95, or BGP, and 
preferably is a monoclonal antibody reagent. 

3. In a method for monitoring the course of disease in 
a patient diagnosed with cancer, comprising the 
performance of a series of specific immunoassays 
over time to determine changes in the level of NCA 
50/90 in blood samples obtained from such patient 
whereby changes in the NCA 50/90 blood level cor- 
relate with changes in disease status, 

the improvement which comprises measur- 
ing NCA 90 specifically in the patient's blood sam- 
ple, preferably by performing a sandwich 



immunoassay in which at least one of the antibody 
reagents is specific for NCA 90 with no substantial 
reactivity for NCA 50, CEA, NCA 95, or BGP, and 
preferably is a monoclonal antibody reagent. 

5 

4. The method of claim 3 wherein the cancer is breast 
cancer, colon cancer, lung cancer, or leukemic can- 
cer. 

10 5. The method of claim 3 wherein the cancer is breast 
cancer. 

6. In a method for monitoring the course of disease in 
a patient who has been treated for cancer, compris- 

is ing the performance of a series of specific immu- 
noassays over time to determine changes in the 
level of NCA 50/90 in Wood samples obtained from 
such patient, whereby increases in Wood NCA 
50/90 levels indicate recurrence of disease, 

20 the improvement which comprises measur- 

ing NCA 90 specifically in the patient's blood sam- 
ple, preferably by performing a sandwich 
immunoassay in which at least one of the antibody 
reagents is specific for NCA 90 with no substantial 

25 reactivity for NCA 50. CEA, NCA 95, or BGP, and 
preferably is a monoclonal antibody reagent. 

7. The method of claim 6 wherein the cancer is breast 
cancer, colon cancer, lung cancer, or leukemic can- 

30 cer. 

8. The method of claim 6 wherein the cancer is breast 
cancer. 

35 
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